Abstract: Understanding nutrient cycling under different land uses can improve agricultural management practices. In southwestern Saskatchewan, long-term land use as annual cropland, native grassland pasture, tame (planted) crested wheatgrass grasslands, or roadsides altered soil physical and chemical properties based on the intensity and frequency of disturbance, with cropland > roadsides > tame grassland > native grassland. The majority of significant differences were detected at the soil surface (0-7.5 cm); few significant differences below 15 cm suggested that the soils were not significantly different prior to changes in land use. Bulk density was increased in cropland soils compared with native grassland, probably from compaction from farm equipment, and in tame pastures due to their past use as croplands. Croplands also had decreased carbon and organic phosphorus (P) and increased Olsen P compared with grasslands, from crop removal and fertilizer inputs. Roadsides, an important but poorly studied land use in Saskatchewan, had increased clay and Olsen P concentrations compared with native grassland. Roadsides were disturbed during road building and remained disturbed because of runoff from adjacent fields and dust from roads. These results on soil chemical and physical properties, combined with soil microbiology information, will help to improve land management and nutrient use efficiency in soils of this region.
Introduction
It has long been recognized that changes in land use practices alter soil properties, and that the degree of change in soil properties is directly related to the magnitude of the land use change (Salter and Green 1933; Jenny 1941; Cunningham 1963; Nye and Greenland 1964; Clout 1979) . Conversion of forests to cropland has been studied most frequently worldwide, with more research in tropical environments (Breuer et al. 2006) . However, the conversion of grassland to cropland in temperate regions has attracted attention in recent years, particularly changes in carbon (C) storage (Franzluebbers et al. 2000; Breuer et al. 2006; Wang et al. 2009 ).
Changing land use is expected to alter soil physics, chemistry, and microbiology. Changes in plant species, in mixed plantings or monocultures, can alter nutrient and water uptake from the soil at different depths, and nutrients returned to the soil in either above-or belowground plant biomass (Sanaullah et al. 2011) . Changing plant species can also alter soil physical properties such as aggregate stability and macropore size, changing soil porosity and water infiltration (Mele et al. 2003) . Changes in plant composition can alter the soil microbiology either from the addition or loss of plants that support symbioses [mycorrhizae, nitrogen (N) fixation] or by changing soil chemical or physical properties in ways that alter the rhizosphere microbiology, such as pH or porosity (Marschner et al. 1987; Pérez-Suárez et al. 2014) . Altering the plant or microbial community can influence nutrient cycling through the production of enzymes and low molecular weight organic acids (Marschner et al. 1987; Katsalirou et al. 2016) .
Management practices can alter soil properties. Inputs of fertilizers, herbicides, and pesticides can alter soil chemistry, soil biology, and nutrient cycling (Breuer et al. 2006; Emadi et al. 2008; Xiang et al. 2014) . Nutrients can be added and transformed by grazing animals, and removed from pastures during haying (Qiao et al. 2015; Valls Fox et al. 2015) . Crop harvest removes nutrients, whereas practices that retain crop stubble will increase nutrients and C (Dodds et al. 1996) . Tillage will mix fertilizers and plant material throughout the plough layer, whereas conversion to no-till will stratify nutrients (Cade-Menun et al. 2010; Abdi et al. 2014) . Burning and fire suppression can alter soil nutrients and soil pH (Cade-Menun et al. 2000) . Compaction from machinery traffic or intensive livestock grazing can increase bulk density, while tillage can change soil structure (Schwartz et al. 2003; Emadi et al. 2008; Qiao et al. 2015) . Changes in soil porosity will in turn affect soil microorganisms and nutrient cycling.
Southwestern (SW) Saskatchewan is located in the northern tip of the Great Plains Ecological Region of North America in the Mixed Grassland Ecoregion [Saskatchewan Environment and Resource Management (SERM) 1997; Anderson and Cerkowniak 2010] , in the rain shadow of the western mountains where droughts frequently occur. The natural vegetation in this region is mixed-grass prairie; native trees are scarce (Coupland 1950) . Prior to European settlement, the land was grazed by vast bison herds and grass fires were common (SERM 1997; Anderson and Cerkowniak 2010) . In the early 1900s, much of the land was farmed as cropland, although stands of native grassland remain. To combat soil erosion during the severe drought of the 1930s, abandoned cropland was planted with crested wheatgrass [Agropyron cristatum (L.) Gaetern.], a droughtresistant and winter-hardy grass native to Siberia. Currently, the dominant agricultural management practices in SW Saskatchewan are dryland wheat-based annual cropland or beef production grazed on pastures of native prairie or crested wheatgrass. Roadside ditches adjacent to farmland can also be an important land use in rural Canada. These serve as buffers between roads and fields, and will differ from the fields with respect to vegetation and management. Recent studies have shown that they differ from the adjacent fields in soil microbial community composition and nutrient cycling (Dai et al. 2013; Bainard et al. 2015) . However, little information is available about the physical and chemical properties of roadside soils.
Understanding nutrient cycling and soil microbiology under different land uses can help to improve nutrient use efficiency in agriculture. In light of this, a project ("Impact of Land Use on Soil Functional Diversity and Nutrient Cycling in Prairie Ecosystems", funded by Agriculture & Agri-Food Canada) was initiated in SW Saskatchewan to compare nutrient cycling and soil microbiology in soils under long-term land use as annual cropland, native pasture, planted crested wheatgrass pasture, and roadsides. The objective of this paper is to provide background information about the study sites and to define the effects of land use on general soil chemical and physical properties. We hypothesize that soil physical and chemical properties will be altered in crested wheatgrass pastures, roadsides, and cropland relative to native prairie, due to differences in inputs and management practices.
Materials and Methods

Study sites
Samples were collected in the semi-arid region of SW Saskatchewan (Fig. 1) The study was conducted around community pastures in Auvergne-Wise Creek, Val Marie, and Masefield (Figs. 1, 2 ). Five locations, each containing the four land use types within a 5 km radius (Fig. 2) , were sampled (20 sampling sites total). The land use types were annual cropland, grazed tame crested wheatgrass pasture, grazed native prairie, and roadside ditches. The native prairie sites were in the community pastures; these were on Crown land, and thus were never converted to other land uses as far as our records indicate. The tame pastures were seeded at least 70 yr prior to sampling. Sites were similar in weather conditions and all had undulating, hummocky topography. Soils at all sites were well-drained Orthic Brown Chernozems (Aridic Haploborolls), within the Ardill, Valor, and Frontier soil associations (Table 1) . 
Roadside sites
The sampling collection points, relative to the fields and roads, are shown in Fig. 3 . The roadside samples were collected adjacent to cropland at all sites except VM, where it was adjacent to pasture. At the MF2 site, the road was a primary two-lane highway, with topsoil removal to construct the ditch. This road is plowed to remove snow, which is pushed into the roadside ditch, and is occasionally treated with sand and road salt mixture (90% sand) during the winter. The roads at AWC2 and VM were unpaved dry weather or access roads; at AWC1 it was a primary gravel grid road, and at MF1 it was a narrow secondary rural municipality gravel grid road. The deepest ditch was at MF2, the flattest at AWC1. Ditches at AWC1, MF1, and MF2 were hayed annually in the summer to remove plant material; those at AWC and MV were not. Unlike the other roads, the ditch at AWC2 was higher than the road, and appeared to have been formed by pushing soil from the road to the ditch. Roadside plant species were smooth brome (Bromus inermis Leyss.), alfalfa (Medicago sativa L.), Kentucky bluegrass (Poa pratensis L.), 7%; golden rod (Solidago spp.), and crested wheatgrass (Table 1) . Table 1) . The average stocking rates were 0.78 (AWC1), 1.18 (AWC), 0.38 (MF1), 0.68 (MF2), and 1.20 (VM) AUM ha −1 . The site at MF2 is used as a holding field for bulls in the spring and fall. For both tame and native pasture, grazing was rotational, and there were no signs of over-grazing. Vegetation cover was assessed between 10 and 18 July 2013. The percentages of soil covered by plants, litter, and clubmoss (Selaginella densa var. densa Rydb.), and the percentage of bare soil were visually determined in 0.25 m 2 quadrats placed in the middle of four, 1 m 2 microplots along a 16 m transect on land selected to be as flat as possible at each sampling site (Table 1) . The above-ground biomass of each living plant species in the microplot was also determined. Plants were cut at ground level, identified (Looman and Best 1987) and sorted by species, placed in paper bags, and dried at 40°C in a forced air dryer until constant weight. Aboveground plant biomass was recorded once dry. Plant cover is reported as the relative dry matter (%) per metre square per plant species at each sampling site (n = 4).
Soil sampling
Soils were sampled from all sites in spring, between 22 and 30 May 2013, prior to seeding on the cropland sites. At each site, quadruplicate soil samples were collected from the same 1 m 2 microplots described above for vegetation sampling. One 5 cm soil core was taken from six depths (0-7.5, 7.5-15, 15-30, 30-60, 60-90, and 90-120 cm) in each microplot using a hydraulic soil coring device (Giddings Machine Company, Windsor, CO, USA). Soil samples were transported on ice to the laboratory, and stored at 4°C overnight. A subsample was used to determine bulk density adjusted for stoniness; the remainder was air-dried, ground, and sieved to <2 mm, and pooled to produce one sample for each depth per land use at each location.
Sample analyses
Particle size analysis to determine soil texture was done with the hydrometer method (Gee and Bauder 1986) . Soil pH and electrical conductivity (EC) were measured in water saturation paste (Hendershot et al. 2008) and paste extracts (Miller and Curtin 2008) .
Soils were analyzed for total C (C Tot ), total N (N Tot ), and organic C (after acidification with HCl; C Org ) by dry combustion (Vario Micro Cube, Elementar), and for total phosphorus (P Tot ) by digestion (Parkinson and Allen 1975; O'Halloran and Cade-Menun 2008) followed by colorimetric analysis (Murphy and Riley 1962) . Total organic P (P Org ) was determined by the ignition method followed by colorimetric analysis (Saunders and Williams 1955; O'Halloran and Cade-Menun 2008) . Mehlich-extractable nutrients were determined by shaking 2.5 g of soil with 25 mL of Mehlich-3 solution (pH 2.3) for 5 min (Mehlich 1984; Sims 2009 ) and the concentrations of P, aluminum (Al), iron (Fe), calcium (Ca), magnesium (Mg), and manganese (Mn) were determined with inductively coupled plasma optical emission spectroscopy (ICP-OES, Thermo Scientific ICAP 6300 Duo). Sodium bicarbonate extraction, followed by colorimetric analysis using a Technicon Autoanalyzer, was used to determine nitrate (NO 3 ), potassium (K), and Olsen P (Hamm et al. 1970; Gentry and Willis 1988) . The concentrations of Fe, Mn, copper (Cu), and zinc (Zn) were determined by ICP-OAS in diethylenetriaminepentaacetic acid (DTPA) extracts (Lindsay and Norvell 1978) . Exchangeable Ca and Mg were extracted in ammonium acetate (AA) and measured by ICP-OAS (Hendershot et al. 2008) . Dilute salt-extractable P (CaCl 2 -P) and sulfate (SO 4 -S) were determined in 0.01 mol L −1 CaCl 2 extracts followed by colorimetric analysis (Hamm et al. 1973; Self-Davis et al. 2009 ).
Statistical analysis
The normality of data was tested by fitting to a normal distribution and assessing the goodness of fit with a Shapiro-Wilk's W test. If needed, data were transformed prior to statistical analysis by either log (n + 0.5) or 1/n, but means and standard errors in the tables were calculated from untransformed data. Means among land use types were compared with analysis of variance (ANOVA), by fitting x [factor (land use type)] by y [response (analyzed factor, e.g., bulk density)], with N = 20 (four land use types and five replicate locations), degrees of freedom (df) = 3 for land use, and df = 16 for the model error term. There were no significant interactions of land use with depth, but analyzing all depths together masked significant differences among land use types for each depth. Thus, each depth was analyzed separately. Statistical analyses were performed with the statistical package JMP (version 4.04, SAS Institute, Inc., Cary, NC, USA), with significance set at α = 0.10. The Tukey's highest significant difference (HSD) test was used to compare means. Correlations were done with pairwise analysis (N = 120).
Results
Changes in soil properties with depth
There were no significant interactions of depth with land use for any of the analyzed parameters. However, a few parameters showed significant effects of depth when all treatments (land uses) were grouped together (Table 2) . Bulk density, clay, and pH all had lowest values at the soil surface, increasing with depth. The opposite was true for Mehlich-extractable Al. The remaining results were analyzed to compare land use for each depth, and are presented that way for the rest of this paper.
Soil physical properties per depth
Significant differences in bulk density and texture were detected only at 0-7.5 cm (Table 3) . Bulk density was highest for the annual cropland and lowest for the native grassland, and was significantly lower for both native grassland and roadside than for annual cropland. There were no significant differences in sand or silt contents among the land uses for any depth. Clay was significantly different among land use types at 0-7.5 cm only; at that depth, the percentage of clay was significantly higher for the roadside samples than the native grassland.
General soil chemistry per depth: pH, EC, C, and N There were significant differences in pH in the 0-7.5, 15-30, 60-90, and 90-120 cm depths (Table 4) . At the soil surface, pH was highest in roadsides and annual cropland, and was lowest under native prairie. At 15-30 cm, pH was significantly higher in the annual cropland than tame and native prairie. At the two lowest depths, pH was significantly higher in the native grassland than the roadside. Significant differences in EC were detected only at 0-7.5 cm, where the EC of roadside soils was significantly higher than that of annual cropland and tame grasslands.
Significant differences for C Tot , C Org , the C Org /C Tot ratio, and N Tot were observed only at the soil surface, at 0-7.5 cm ( Table 4 ). The percentage of C Tot was not significantly different between the roadside and native grassland soils, and both were significantly higher than annual cropland and tame grassland. In contrast, C Org was significantly higher in native grassland and roadside than annual cropland only, and N Tot was significantly higher in native grassland than cropland and roadsides. The ratio of C Org /C Tot was significantly higher only for tame grassland versus annual cropland, and there were no significant differences for the C:N ratio (Table 4 ). There were no significant differences for NO 3 at 0-7.5 cm (Table 4) , but there were significant differences deeper in the soil profile. At 7.5-15 cm, NO 3 was significantly higher in annual cropland samples than native grassland, whereas at 15-30 cm it was significantly higher in annual cropland than all other treatments, where it was twice as high as the concentrations in roadside samples, and three-to four-fold greater than tame and native grassland, respectively.
Soil P pools per depth
There were no significant differences in P Tot at any depths (Table 5) . Organic P was significantly lower at the soil surface for the annual cropland than all other land uses, and the P Org /P Tot ratio was significantly higher in the tame and native grassland samples than annual cropland. Significant differences in Olsen P were seen at 0-7.5 and 7.5-15 cm. The roadside Olsen P concentrations were highest, and were significantly higher than the native and tame grasslands at 0-7.5 cm, but were significantly different from the native grassland alone at 7.5-15 cm. No significant differences were detected for Mehlich P, and the only significant differences for a All land use types were grouped together at each depth for these analyses.
CaCl 2 -P were for native grassland samples at 90-120 cm, which were higher than roadside samples.
Soil nutrient pools per depth: Ca, Mg, Fe, K, Al, Mn, Zn, Cu, and SO 4 -S Calcium concentrations measured in Mehlich or AA extracts were not significantly different among land uses (Table 6 ). There were no significant differences among the land use types for any depth in AA-extracted Mg, but there were significant differences in Mehlich Mg for the three lowest depths. At 30-60 cm, Mg concentrations were lower than those in the tame and native grassland. At 60-90 cm, the Mg concentration in native grassland was higher than for the roadside, whereas at 90-120 cm, the native grassland was higher than both annual cropland and roadside soils.
There were no significant differences in Mehlichextractable Fe among the land use types (Table 6) . However, native grassland concentrations were significantly higher in DTPA-Fe than those for annual cropland at 0-7.5 cm. Significantly low concentrations of DTPA-Fe in roadside soils compared with the native and tame grassland soils were observed in samples at 60-90 cm. Concentrations of DTPA-K were significantly high for roadside soils compared with annual cropland for the top three depths (Table 6) .
Mehlich-extractable Al concentrations were significantly higher in native grassland than annual cropland and roadside samples at 0-7.5 cm (Table 7) . They were also higher in native grassland than roadside samples at 7.5-15 cm. Manganese concentrations were significantly higher in Mehlich extracts of roadside than native grassland samples at 0-7.5 cm (Table 7) . Mehlich-Mn was also significantly higher in roadside than annual cropland at 7.5-15 cm and in roadside and annual cropland versus tame grassland at 60-90 cm. There were no significant differences in DTPA-Mn or for DTPA-Zn at any depth (Table 7) . There were significant differences in DTPA-Cu at 0-7.5 cm (Table 7) , with roadside samples higher than native grassland soils. The concentration of Values are means; values in parentheses are standard errors of the mean (n = 5). Different lowercase letters indicate significant differences among means within a depth. *, Significant at α < 0.05; **, Significant at α < 0.01. Note: Values are means; values in parentheses are standard errors of the mean (n = 5). Different lowercase letters indicate significant differences among means within a depth. † , Significant at α < 0.1; *, Significant at α < 0.05; **, Significant at α < 0.01. Cade-Menun et al. SO 4 -S was significantly higher in roadside samples at 0-7.5 cm, but there were no differences among land use types at other depths.
Discussion
Changes in soil properties with depth Increases in clay and pH, and decreases in Mehlichextractable Al, with depth reflect inherent properties of the soils in this region (Anderson and Cerkowniak 2010) , and confirm that these soils were similar prior to land use changes. Bulk density also showed a significant increase with depth. However, the apparent increases in bulk density at the lowest depths may be artifacts from compaction during sampling. Differences in chemical and physical properties at the soil surface only and not at depth from land-use or management changes have been reported in other studies, especially in arid or semi-arid regions (Franzluebbers et al. 2000; Mele et al. 2003; Emadi et al. 2008; Qiao et al. 2015; Reeves and Liebig 2016) .
Land use differences contributing to changes in soil properties
The effects of land use on soil physical and chemical properties varied with the intensity and frequency of disturbance. In this study, the degree of disturbance was cropland > roadsides > tame grassland > native grassland. The croplands of this study had both historical and on-going disturbance, which included: regular changes in plant species from different crop rotations; bare soil from fallow and at seeding, which increases the potential for wind and water erosion (Anderson and Cerkowniak 2010) ; inputs from fertilizers, herbicides, and other agricultural chemicals; nutrient removal during harvesting of crops; and compaction from farm machinery. Although the soils are not currently tilled, Table 5 . Soil phosphorus (P) pools: total P (P Tot ), total organic P (P Org ), soil test P (Olson, Mehlich), and dilute-salt extractable P (CaCl 2 -P).
Depth (cm)
Land use P Tot (mg kg 
Note:
Values are means; values in parentheses are standard errors of the mean (n = 5). Different lowercase letters indicate significant differences among means within a depth. † , Significant at α < 0.1; *, Significant at α < 0.05; **, Significant at α < 0.01. Note: Values are means; values in parentheses are standard errors of the mean (n = 5). Different lowercase letters indicate significant differences among means within a depth.
† , Significant at α < 0.1; *, Significant at α < 0.05; **, Significant at α < 0.01. DTPA, diethylenetriaminepentaacetic acid.
they would all have some history of tillage to control weeds before chemical fallow was available (Campbell et al. 1986; McConkey et al. 2012) . The roadsides were the second most disturbed land use of this study. Historically, they were significantly disturbed during the construction of roads and ditches. Four of the roadsides were lower than the adjacent road; the exception was the AWC2 site (Fig. 3) , which appeared to have been constructed differently from the others. Four of the roadsides were adjacent to cropland; only the Val Marie site was adjacent to tame grassland. All had higher soil moisture than the fields. The roadsides had similar vegetation cover, but varied with nutrient removal in mowing and haying. Inputs to the roadsides were probably variable, but all would likely receive nutrients from adjacent fields during runoff. In Saskatchewan, the majority of runoff occurs during snowmelt, which can transport dissolved nutrients and fine particulates (Nicholaichuk and Read 1978; Cade-Menun et al. 2013) . The roadsides adjacent to cropland may have received agricultural chemicals from runoff or from drift during spraying. Those adjacent to unpaved roads might have had dust inputs from traffic on the roads, while the Masefield 2 site would have received inputs of sand and road salt during winter highway maintenance.
The degree of disturbance for the tame and native grasslands at the time of sampling was similar. However, the tame grasslands were historically more disturbed when they were converted from native grasslands to cropland, before they were planted with crested wheatgrass. The native grasslands have greater plant diversity than the tame grasslands. Both types of grassland are grazed, which would transform nutrients with the deposition of urine and dung. None of the grassland sites sampled for this study Note: Values are means; values in parentheses are standard errors of the mean (n = 5). Different lowercase letters indicate significant differences among means within a depth.
† , Significant at α < 0.1; *, Significant at α < 0.05; **, Significant at α < 0.01. DTPA, diethylenetriaminepentaacetic acid. was hayed; nutrient removal occurred during grazing, and there would be little if any farm machinery traffic on these fields.
Impact of land use on soil physical properties
Although the roadside site at MF2 was adjacent to a road receiving sand during winter maintenance, there were no significant differences among the land use types for sand or silt. At the soil surface, the roadsides had significantly higher clay contents than the native grassland, while those of tame grassland and cropland were intermediate. Road dust could be a source of this clay. Dust generation from roads depends on the composition (paved, gravel, etc.) and moisture state of the road, the volume and speed of travel, and the weight of passing vehicles (Walker and Everett 1987; Kavouras et al. 2016) . Dust deposition varies with wind patterns and distance from roads, and will be highest closest to the road on the downwind side. Dust can coat roadside plants, affecting their health and growth (Walker and Everett 1987; Talley et al. 2006 ). For the current study, four of the five roads were unpaved; however, those would be expected to have less vehicle traffic than the paved highway at the Masefield 2 site. Other potential sources of clay in the roadside soils are snowmelt runoff, which has been shown to transport finer particulates, including clay and organic matter, more than rainfall runoff (Tanasienko et al. 2011; Cade-Menun et al. 2013 ) and wind erosion. The roadsides adjacent to cropland likely had sediment inputs from snowmelt, because fallow was common during the crop rotation at all sites, and bare soil is more prone to erosion (Anderson and Cerkowniak 2010; Tanasienko et al. 2011) .
Bulk density was significantly greater in cropland than roadsides and native grassland, and in tame grasslands than native grasslands. Higher bulk densities in cropland than grassland or pasture soils has been frequently reported in other land-use studies (Franzluebbers et al. 2000; Mele et al. 2003; Breuer et al. 2006; Wang et al. 2009; Qiao et al. 2015) . It may result from increased compaction from farm equipment in cropland sites (Emadi et al. 2008; Qiao et al. 2015) or from increased porosity from the roots of permanent plants in the native grassland and roadsides (Mele et al. 2003; Sanaullah et al. 2011) . The higher bulk densities in tame grasslands likely reflect their past use as cropland and erosion during the 1930s prior to planting with crested wheatgrass, as mentioned in the "Introduction" section. so-called plant available P and a response to fertilization (Sims 2009 ). However, Mehlich measures total extract P by ICP-OES, while only molybdate reactive inorganic P is measured with Olsen P. The differences in land use for Olsen P but not Mehlich P suggest that both inorganic and organic P are being extracted with Mehlich from the pastures along with the inorganic P measured by the Olsen P method, which is consistent with their higher organic P status, and the results from both methods were significantly correlated (r 2 = 0.880; p < 0.0001; N = 120). Elevated Olsen P for the cropland sites was anticipated, given the history of P fertilization. However, the reason for the increased Olsen P in the roadside sites is unclear, and may reflect inputs from runoff. The CaCl 2 -P test measures P that is readily soluble in water, and potentially lost in runoff. Although there were no significant differences among the land use treatments for CaCl 2 -P, this does not preclude the possibility that there was a slow loss of soluble P in runoff over time from these sites.
Exchangeable Ca was significantly higher in native grassland than roadsides at depth with the Mehlich extract but not AA, which may reflect differences in the chemistry of the methods, as well as changes during road construction. Differences in Fe are likely due to crop uptake, although Fe was not deficient on any of these soils (Karamanos 2000) . There were also no deficiencies for K in any soil, although it was significantly lower in cropland than roadside soils for the top three soil depths. Differences in Al likely reflect mixing, because cropland and roadside soil concentrations were significantly lower than grassland soils but also decreased with depth under all land uses. For Mn, there were significant differences with Mehlich extraction but not DTPA, and native grassland soils had lower concentrations. However, these concentrations are unlikely to be limiting, because response of crops to Mn fertilization in Saskatchewan is extremely rare (Karamanos 2000) . Concentrations of Zn and Cu were also not deficient, although Cu was lower in native grasslands than roadsides (Karamanos 2000) . Deficiencies in sulfur have been reported for Saskatchewan soils, although the concentrations in these soils are above deficiency levels (Roberts and Bettany 1985) . The lower SO 4 -S concentration in cropland soils likely reflects plant drawdown and removal. Increased concentrations of some metals, including Mn, Cu, Fe, and S have been reported in roadside soils from vehicle emissions (Lough et al. 2005) . Of these, Mehlich Mn, Cu, and SO 4 -S concentrations were high in the roadside soils compared with other land uses, but further investigation is required to determine their sources.
Conclusions
Land use changes in SW Saskatchewan produced significant differences in soil chemical and physical properties, particularly at the soil surface, reflecting the degree and frequency of disturbance. The cropland sites were the most disturbed and the native prairie soils were the least disturbed historically and at present. This disturbance presumably led to soil erosion losses, which are demonstrated by increased bulk density and carbonates, and decreased concentrations of C, organic P, and other plant nutrients in the surface soil of the croplands compared with grasslands. The roadside soils were also disturbed during road building, and would have remained disturbed with respect to runoff from adjacent fields, possible depositions from roads and eroding lands, and nutrient loss during haying. The diverging evolution of soils under different land use may lead to niche diversification and increase the diversity and function of soil organisms. This information can be used to guide future management practices, especially when combined with more detailed studies of soil microbiology and nutrient cycling at these sites.
